Introduction
Sjögren's syndrome is an autoimmune exocrinopathy that affects predominantly women (Homma et al, 1994) and is the most common disease associated with salivary hypofunction (Baum, 1989) . Characteristics of this syndrome, which may be primary (1 SS) or secondary (2 SS; eg with systemic lupus erythematosus (2 SS=SLE) or rheumatoid arthritis (2 SS=RA)), include salivary gland inflammation, reduced salivary flow rate and xerostomia (ie dry mouth) (Manoussakis & Moutsopoulos, 1999; Pedersen et al, 1999) . This decreased salivation, in turn, causes difficulty in mastication and swallowing, as well as oral pain, inflammation and ulceration, and may lead to an increased incidence of oral infection and dental caries (Ettinger, 1981; Dusek et al, 1996; Gobetti & Froeschle, 1997; Soto-Rojas et al, 1998) .
Considering the degree of xerostomia in Sjögren's syndrome, it is quite possible that patients may avoid foods which aggravate their oral symptoms, thereby leading to nutritional deficiencies. If so, this might help explain the recent propositions that dietary factors may contribute to the etiology and progression of this disease, and that nutritional intervention may modify the severity of pathological abnormalities (Swanson et al, 1989; Danieli & Candela, 1990; Minami et al, 1993; Brown et al, 1998; Mangge et al, 1999; Henderson & Panush, 1999) . However, whether food avoidance and nutritional deficiency occur in 1 SS and 2 SS is unclear, given that very little is known about the overall nutritional status of individuals with these conditions.
The purpose of this study was to determine whether the nutrient intake in women with 1 or 2 SS is significantly different from that of age-and gender-matched controls.
Methods
Women diagnosed with either 1 SS (n ¼ 24) or 2 SS (2 SS=SLE, n ¼ 12; 2 SS=RA, n ¼ 10) were recruited from the Sjogren's Syndrome Foundation (Jericho, NY, USA) and outpatient clinics at the Brigham and Women's Hospital (Boston, MA, USA) and Tufts University School of Dental Medicine (Boston, MA, USA). Almost all of these women lived in Massachusetts. Age-and gender-matched controls (n ¼ 22) were recruited from the greater Boston area. Subjects were included in the study if they were 18 y of age or older and were able to read and complete the questionnaire. Control subjects were excluded from the study if they had an autoimmune disease, any significant illness or uncontrolled systemic disease (ie cancer, diabetes, thyroid condition), a history of dry mouth, ocular problems (eg dry eye) other than refractive error or ocular surgery.
After obtaining written informed consent, subjects completed without supervision the 97 General Purpose SemiQuantitative Food Frequency Questionnaire (FFQ). Of the original sample, 68 surveys (88% overall response rate) were returned. Participants completed the FFQ at home, and responses to the questionnaire were usually returned by mail within 1 month. To maintain quality assurance for optical scanning, questionnaires were reviewed for completeness. If a subject missed a question, her survey was returned for completion or a member of the study staff asked the subject to clarify the response by telephone. The most common errors were missed questions, use of a pen instead of a pencil and failure to darken the response circles entirely.
The FFQ, which has been extensively validated in adults (Willett et al, 1987; London et al, 1991; Stryker et al, 1991; Hu et al, 1999) , consists of a list of 147 food items that represent the major sources of multiple nutrients. The FFQ also contains a section where a subject can indicate foods, not otherwise listed in the survey, that are consumed at least once a week.
There are also open-ended questions which ask the subject to specify the type and brand of margarine and cooking oil, the brand of multivitamin and cold breakfast cereal and the number of teaspoons of sugar added to food=drinks each day. For each food item, subjects indicated their average frequency of consumption of a specified portion size over the past year. The frequency of each food item was converted into an amount of daily intake using a computer program developed by the Channing Laboratory at Harvard Medical School (Boston, MA, USA).
Nutritional data were examined in terms of absolute and energy-adjusted nutrient amounts. Energy-adjusted values, termed nutrient densities, were obtained by dividing nutrient levels (units) by total energy intake (kcal). Data from the 1 SS, 2 SS and control groups were compared by analysis of variance (ANOVA). If significant effects were found, data were further analyzed by Fisher's Protected Least Significant Difference (PLSD). Statistical evaluation of the Sjögren's syndrome data as a whole, as compared to control, was performed with Student's unpaired t-test. Analyses were performed using the statistical programs StatView SEþ and StatView 4.0 (Abacus Concepts, Inc., Berkeley, CA, USA).
Results
The mean daily nutrient intakes ( AE s.e.) for all groups are listed in Table 1 . Data analysis showed that significant differences existed among the 1 SS, 2 SS=SLE, 2 SS=RA and control groups in the absolute intake of total energy, protein, glutamate, methionine, tryptophan, carbohydrates, lactose, supplemental and unsupplemental calcium, phosphorus, sodium, caffeine and unsupplemental thiamin and riboflavin.
Thus, (a) women with 1 SS had a significantly greater intake of energy, glutamate, carbohydrates, lactose, phosphorus, caffeine and unsupplemental thiamin and riboflavin, compared to controls; (b) individuals with 2 SS=SLE had a significantly enhanced intake of supplemental calcium, relative to the control, 1 SS and 2 SS=RA groups; (c) women with 2 SS=RA had a significantly lower intake of energy, carbohydrates, lactose and unsupplemental calcium, riboflavin and thiamin, compared to the 1 SS group; and (d) people with 2 SS=RA had a significantly reduced intake of protein, glutamate, methionine, tryptophan, phosphorus, sodium and caffeine, relative to that of women with 1 SS and 2 SS=SLE. Most of these variations among patient and control groups were no longer evident when absolute nutrient data were corrected for energy intake. As shown in Figure 1 , women with 2 SS=SLE had a significantly higher adjusted intake of supplemental calcium, as compared with the control, 1 SS and 2 SS=RA groups. In addition, individuals with 2 SS=RA had significantly greater nutrient densities of supplemental iron, zinc and vitamin A, relative to those in other groups.
Data were also analyzed in two additional ways: first, in terms of 1 SS vs 2 SS (combined 2 SS=SLE, 2 SS=RA groups) vs control; and second, in terms of Sjögren's syndrome as a whole (ie 1 and 2 SS populations combined) vs control. In the first set of these comparisons, our results showed significant (P < 0.05) differences between groups in the absolute Nutrient intake in Sjögren's syndrome JM Cermak et al Nutrient intake in Sjögren's syndrome JM Cermak et al intake of lactose, and unsupplemented thiamin and riboflavin (1 SS > 2 SS, control), as well as in the nutrient densities of fatty acid 18:3 (1 SS < control), calcium (2 SS > control) and vitamin A (2 SS > 1 SS). The second set of comparisons demonstrated that women with Sjögren's syndrome had a higher absolute intake of supplemental calcium, and a lower intake of omega-3 and certain other polyunsaturated fatty acids, compared to controls (Table 2) . Moreover, when values were adjusted for energy intake, Sjögren's syndrome patients had a greater consumption of supplemental calcium, and a lower intake of unsupplemental vitamin C, polyunsaturated fat, linoleic acid, omega-3 fatty acid, and specific other unsaturated fatty acids, relative to controls (Table 2) .
Discussion
The present study indicates that 1 SS and 2 SS may have a significant influence on the absolute intake of nutrients. Thus, women with 1 SS ingested far more energy, glutamate, carbohydrates, lactose, phosphorus, caffeine and unsupplemental thiamin and riboflavin than age-matched controls. Individuals with 2 SS=SLE had a greater intake of supplemental calcium, compared with all other groups. Furthermore, women with 2 SS=RA had a significantly reduced intake of a variety of nutrients, relative to the 1 SS and 2 SS=SLE groups. There are a number of possible explanations that may account for these differences in consumption among the autoimmune patients and controls. For example, the enhanced ingestion of glutamate, lactose, thiamin and riboflavin in women with 1 SS could be due to a higher milk intake. Milk is a source of these nutrients (Cook et al, 1975) and has been termed a good saliva substitute in people with The mean daily nutrient intakes ( AE s.e.m.) of women with 1 SS (n ¼ 24), 2 SS=SLE (n ¼ 12) or 2 SS=RA (n ¼ 10), as well as controls (n ¼ 22) were determined as described in the Subjects and methods section. SS ('primary') and secondary (2 SS=SLE ('SLE') or 2 SS=RA ('RA') Sjögren's syndrome. Densities were calculated as described in the Subjects and methods section and compared with those of age-matched controls by ANOVA. Columns and bars represent the mean AE s.e. *Significantly (P < 0.05) increased compared with the densities of the other groups;
{ significantly (P < 0.05) increased compared with the densities of the 1 SS and 2 SS=SLE groups; { significantly increased compared with the density of the 1 SS group.
Nutrient intake in Sjögren's syndrome JM Cermak et al xerostomia (Herod, 1994) . In support of this hypothesis, analysis of the milk consumption in our study subjects shows that women with 1 SS drink significantly more milk per week than 2 SS=SLE, 2 SS=RA or control individuals (data not shown). Similarly, the heightened intake of caffeine in the 1 SS group may be related to greater coffee, tea and=or soda intake, in an attempt to attenuate the dry mouth sensation. Interestingly, caffeine has anti-nociceptive properties (Kraetsch et al, 1996; Ghelardini et al, 1997) , which may alleviate oral pain. Caffeine may also reduce fatigue, which is a predominant symptom in Sjögren's syndrome (Homma et al, 1994) . Moreover, caffeine is known to amplify cholinergic transmission (Ghelardini et al, 1997) , which could theoretically stimulate salivary secretion.
The greater intake of supplemental calcium in women with 2 SS=SLE might be due to clinical advice. Systemic lupus erythematosus is associated with a high incidence of osteopenia and osteoporosis (Redlich et al, 2000) and calcium supplementation may help alleviate these bone complications (Arkachaisri & Lehman, 1999) . Conversely, the lower absolute intake of energy, protein, carbohydrates and various other nutrients in women with 2 SS=RA may be related to several factors. For example, the severity of the joint inflammation in RA may limit the ability to self-feed (TougerDecker, 1988) , thereby leading to a relative malnutrition in this disorder (Helliwell et al, 1984; Collins et al, 1987; van de Laar et al, 1990; Hansen et al, 1998) . In addition, some patients with RA may modify their diets, or fast for periods of time, in order to reduce pain (Diethelm, 1993) .
Whatever the reasons for the differences in absolute nutrient intake among the Sjögren's syndrome groups, these variations largely disappeared when nutritional data were adjusted for energy intake. The only exceptions were the higher consumption of supplemental calcium by women with 2 SS=SLE, and a greater adjusted intake of supplemental iron, zinc and vitamin A by women with 2 SS=RA. The 2 SS=RA findings may reflect clinician advice regarding supplementation, given that a deficiency in the intake and=or serum levels of iron, zinc and vitamin A has previously been reported for RA patients (Kowsari et al, 1983; Helliwell et al, 1984; Honkanen et al, 1989 Honkanen et al, , 1991 Rauma et al, 1993; Kremer & Bigaouette, 1996) .
Of particular interest, comparison of nutrient intakes between women with Sjögren's syndrome (ie 1 SS and 2 SS groups) and their age-matched controls showed that significant differences existed in both absolute and energy-adjusted values. Thus, individuals with Sjögren's syndrome had a higher intake of supplemental calcium, and a lower consumption of unsupplemental vitamin C, polyunsaturated fat, linoleic acid, omega-3 fatty acid and certain other unsaturated fatty acids, compared with controls. The enhanced intake of supplemental calcium may reflect the higher ingestion of this mineral by the 2 SS=SLE group, whereas the reduced intake of vitamin C may be due to an avoidance of citrus fruits and juices that may aggravate xerostomia. A similar reduction in vitamin C intake was also reported to occur in an elderly population with Sjögren's syndrome (Rhodus, 1988) .
The lower intake of polyunsaturated fat, linoleic acid, omega-3 fatty acid, and other unsaturated fatty acids in the Sjögren's syndrome group is intriguing. Some investigators have suggested that a low lipid diet may be useful to attenuate the exocrine gland inflammation in this autoimmune disorder (Di Giacinto & Piergiacomi, 1991) . In contrast, other researchers have proposed that dietary supplementation with omega-3 and other polyunsaturated Nutrient intake in Sjögren's syndrome JM Cermak et al fatty acids may help to reduce the titers of anti-DNA antibody titers, decrease the generation of pro-inflammatory cytokines, delay the onset and lessen the severity of Sjögren's syndrome, SLE and=or RA (Fernandes et al, 1990; Chandrasekar & Fernandes, 1994; Shapiro et al, 1996; Calder, 1997; James & Cleland, 1997; Alexander, 1998; Reifen et al, 1998; Venkatraman & Chu, 1999) . It is possible that some of the dietary differences observed in this study may have been due to variations between groups in height, size and body mass index. However, we are unaware of any evidence that these physical parameters would influence the types of food ingested. In addition, our calculation of nutrient densities (ie nutrient data adjusted for total caloric intake) should have corrected for variations in food consumption by individuals of different heights and sizes.
In the aggregate, our data indicate that nutrient intake in women with Sjögren's syndrome, whether 1 SS, 2 SS or combined, is different than that of age-matched female controls. Moreover, identification of these differences is remarkable, given the relatively small populations sizes in this study. It is important to note that differences in diet may not necessarily be undesirable. However, it is also important for clinicians involved in the care of these patients to appreciate that these differences exist, so that patients can be appropriately counseled and, if needed, co-managed by a nutritionist.
